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Symbol Unit Equivalent 
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GeV 
2.7 e.4 10" dps 
0.394 inch 








1.6X 107“ ergs 


126X107? 
1,006 g = 2. Ib. 


0.386 nCi/m* (mCi /km!4) 
1.6 10"¢ ergs 


2.59 mCi/mi# 
10-“ curie = 2.22 dpm 


100 ergs/g 
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In August 1959, the President di- 
rected the Secretary of Health, Edu- 
cation, and Welfare to intensify De- 
partmental activities in the field of 
radiological health. The Department 
was assigned responsibility within the 
Executive Branch for the collation, 
analysis, and interpretation of data 
on environmental radiation levels. 
This responsibility was delegated to 
the Bureau of Radiological Health, 
Public Health Service. Pursuant to 
the Reorganization Plan No. 3 of 1970, 
effective December 2, 1970, this re- 
sponsibility was transferred to the 
Radiation Office of the Environmental 
Protection Agency which was estab- 
lished by this reorganization. 

The Federal agencies listed below 
appoint their representatives to a 
Board of Editorial Advisors. Mem- 
bers of the Board advise on general 
publications policy; secure appro- 
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their agencies; and review those con- 
tents which relate to the special func- 
tions of their agencies. 
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Technology Assessment of Risk Reduction Effectiveness of Waste Treatment 
Systems for Light-Water Reactors 


James E. Martin, Floyd L. Galpin, and Ted W. Fowler’ 


The Environmental Protection Agency (EPA) routinely performs 
technology assessment of applications of nuclear energy that have the 
potential to introduce radioactive material into the environment. The 
Agency has extensively examined the performance of waste treatment 
systems for light water power reactors as a function of cost with regard 
to an examination of bases for environmental radiation standards and 
for EPA review of environmental impact statements for such plants. It 
was determined that significant and cost effective offsite dose reductions 
from gaseous discharges could be brought about by using available 
technology to hold up the gases until essentially krypton-85 remained; 
further dose reductions by cryogenic removal of krypton-85 did not 
appear to be justified in view of the costs involved. Similarly for liquid 


wastes, reasonable technology appears to stop just short of recycling 


waste streams to contain tritium. 


The Environmental Protection Agency 
(EPA) considers the environmental impact of 
nuclear power facilities within two major ac- 
tivities; (1) the development of environmental 
radiation standards, and (2) making public 
comments on environmental impact statements 
submitted on such facilities relative to the Na- 
tional Environmental Policy Act. A major con- 
sideration in the assessment programs support- 
ing these activities is the design and use of 
waste treatment systems to process radioactive 
materials prior to their discharge to the en- 
vironment. The potential amount of such ma- 
terials that may be released is usually deter- 
mined by fuel cladding performance; the actual 
quantities discharged to the atmosphere or re- 
ceiving waters are by and large determined by 
the amount of waste treatment prior to dis- 
charge. Although the greatest reduction in 
population dose would obviously be associated 
with complete removal of radionuclides from 
discharge effluents, it is apparent that a point 
of practicality is reached beyond which the 
degree of dose reduction achieved is not justi- 
fied by the cost of the system required. The 


*Technologv Assessment Division, Office of Radiation 
Programs, Environmental Protection Agency, 5600 
Fishers Lane, Rockville, Md. 20852. 
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purposes of this paper are to analyze dose re- 
ductions that are obtained by the design or 
operation of augmented waste treatment sys- 
tems and to present a general analysis of some 
of the known costs involved in achieving these 
reductions. 

The EPA used several sources of information 
in its analysis of the performance and costs of 
waste treatment technology. Data which char- 
acterize the quantity and types of radionuclides 
discharged were derived from selected safety 
analysis reports and environmental reports 
submitted by applicants for licenses for nuclear 
power stations. These design and environmen- 
tal reports have been reviewed in considerable 
detail relative to public health and environ- 
mental effects by EPA and its predecessor 
organization for several years. The source term 
characteristics of both boiling water reactors 
(BWR) and pressurized water reactors (PWR) 
were independently confirmed by field studies 
carried out at operating facilities. These field 
studies were also used as a basis for estimated 
doses to offsite populations on the basis of meas- 
urements of the significant pathways of expo- 
sure. 


Waste treatment effectiveness 
Expected dose rates from both PWR’s and 
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BWR’s were conservatively considered on the 
basis of the radioactive waste discharges pro- 
jected by the major reactor vendors because of 
fuel failures. Both the liquid and gas waste 
treatment systems are designed to process the 
wastes expected to be generated when these 
fuel failure conditions exist. Gas waste 
treatment systems depend on physically captur- 
ing and storing gaseous radionuclides to allow 
them to undergo radioactive decay to concen- 
trations such that, once they are vented to the 
atmosphere for dispersal, offsite doses will be 
well below established guidelines. The method 
of retention varies with reactor type, the vol- 
ume of gas to be processed, and the required 
holdup period. Liquid waste systems depend on 
methodology to filter, demineralize, and solidify 
radioactive materials out of process streams 
that may eventually be discharged to the 
aquatic environment. 


Gases from pressurized water reactors (PWR) 


Current PWR’s handle small volumes of 
radioactive gases; therefore, a system of tank 
storage for 30-90 days decay is used, with 
subsequent discharge through a building vent. 
Table 1 illustrates a design source term typical 
of a 1,100 megawatt (electric) [MW(e)] PWR 
(1) and the effectiveness of increasing holdup 
to reduce all components of the gas mixture 
except krypton—85. The capacity of systems for 

Table 1. Typical 1,100 MW(e) PWR source term * 

(1 percent failed fuel) 


Radionuclides 
(Ci/year) 





Xenon-133 


| Krypton-85 Xenon- 
} 131m 





* Based on average of discharges estimated in safety analysis reports for 
the North Anna, Palisades, and Arkansas Nuclear One—Unit 2 plants. 


most PWR’s is sufficient to provide 60 days 
holdup; with this decay period, discharges are 
almost solely krypton-85, a low-energy beta 
emitter with minimal dosimetric significance 
for normal operating conditions as well as 
assumed design conditions leading to maximum 
routine releases. Using design data for several 
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proposed PWR plants which assumed 1 percent 
failed fuel, the maximum estimated offsite dose 
rates as shown in table 2 from a typical 1,100 
MW(e) plant were 20, 4.3, 2.0, and 1.6 mrem/ 
year for holdup times of 15, 30, 45 and 60 days, 
respectively. These same data, expressed as the 


Table 2. Typical offsite whole-body dose rates for a 1,100 
MW(e) PWR with 1 percent failed fuel 
(from gaseous emissions) 


Days holdup mrem/year Dose reduction 


ratio of the dose rate at zero holdup to the re- 
duced dose rate after holdup, are plotted in fig- 
ure 1 as a function of holdup time. The curve in 
figure 1 begins to flatten around 45 days, indi- 
cating that exposures to individuals at the site 
boundary decrease only slightly for longer 


1,000 
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Figure 1. Dose reduction factor vs. holdup time 


for a “typical” PWR 
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holdup periods. Since krypton—85 has a 10.76 
year half-life, use of holdup tanks beyond 45-60 
days has little further effect in reducing the 
dose rate. On the other hand, the resulting 
radiological effects associated with the small 
quantities of this beta emitter will be negligible. 
Further reduction could only be achieved by re- 
moving the krypton-85 from the off-gas stream. 


The above data, which are for a typical PWR, 
appear to be conservative when compared to 
actual estimates being made for new generation 
PWR plants. For example, discharge estimates 
for the Surry Nuclear Power Station (2) 
which are presented in table 3 (adjusted to 1 
percent failed fuel) indicate that both dis- 
charges and offsite dose rates could be about 
one-fourth those determined for the typical 
plant selected. It is perhaps significant that 
these low dose rates pertain to achievable re- 
ductions by holdup of gases in the main gas 
processing system. Relatively speaking, there- 
fore, once the primary source has been proc- 
essed, the secondary gaseous sources, such as 
turbine building exhaust, general ventilation, 
etc., may well become the predominant source 
of offsite dose from PWR’s. 


Gases from boiling-water reactors 


Until recently, a BWR waste treatment sys- 
tem of typical design handled large volumes 
of radioactive gases by delaying them for about 


30 minutes and discharging them through a tall 
stack (about 100 meters) to the atmosphere. 
Current reactor license applications indicate 
that several systems have recently become avail- 


able to provide longer holdup periods with 
discharge usually through a building vent 
rather than a stack. Systems which have been 
proposed to obtain this holdup (3) and the re- 
sulting dose reductions usually include catalytic 
recombiners (to reduce gas volume) followed by 
either: (1) low temperature or cryogenic 
adsorption on charcoal; (2) gas storage under 
pressure; or (3) in some cases, cryogenic 
distillation. Although not all systems have been 
operated in full-scale BWR’s, EPA consulta- 
tions with various vendors of gaseous waste 
management systems indicate that such sys- 
tems can reduce quantities of radioactive mate- 
rials in gaseous emissions from BWR’s such 
that resulting exposures to individuals in the 
general environment are low. Using estimated 
discharge data for typical 1,000 MW/(e) boil- 
ing-water power reactors, for example, it has 
been estimated that discharge of the effluent 
from a building vent after 25 days holdup 
would produce a maximum dose rate offsite of 
about 6 mrem/year; for 45 and 60 days, the 
dose rate would be about 0.7 and 0.3 mrem/ 
year, respectively, mostly from krypton—85. 
These data are shown in table 4 and are plotted 
as dose reduction factors in figure 2. If the 
effluents are discharged through a stack instead 
of a vent following such holdup periods, ex- 
pected dose rates would be about 0.1, 0.01, and 
0.005 mrem/year, respectively. 

It appears from discussions with industry 
that the most common holdup systems from the 
standpoint of size, design, performance, and 
cost using charcoal adsorption are for holdup 
periods of about 25-30 days with discharge of 
the processed effluent through a building vent. 


Table 3. Estimated offsite dose rates for one unit of the Surry 


(PWR) Nuclear power station at 822 MW/(e) with 1 percent failed fuel * 





Days holdup 


Annual gaseous discharge rates 





(Ci/year) 





Krypton-85 | Xenon-131m | Xenon-133 Total 























* Data presented in Surry Environmental Impact Statement (2) were for 0.25 percent failed 
fuel; adjusted to 1 percent for this table. Data are for gas processing systems only and do not 





> Based on dispersion factor of 2.5 x 10-* s/m!* and the weighted mixture of g radi lid 


in the table. 
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Table 4. Estimated offsite dose rate (mrem/year) from 
gaseous emissions for typical 1,000 MW(e) BWR * 





100 m stack Vent 
discharge discharge 


Holdup period 














* Data normalized to source term which after 30 minutes decay would 
yield 500 mrem/year at typical site boundary. 


These conditions would result in maximum off- 
site individual exposure of about 6 mrem/year 
for the upper design assumptions of leaking 
fuel. Discharge of the processed effluent 
through a stack after 25-30 days holdup would 
give a further reduction in dose to about 0.1 
mrem/year at substantial increment of cost. 
Any given exposure rate criterion can be met 
by shorter holdup periods if a stack is used be- 
cause of the additional dilution obtained be- 





Stack Release 


Vent Release 


DOSE REDUCTION RATIO 








| i l 
2c 30 40 50 
HOLDUP TIME (DAYS) 





Figure 2. Dose reduction ratio vs. holdup time for 
gaseous emissions from a “typical” 


1,000 MW(e) BWR 


tween the points of discharge and exposure. 
Although the same maximum dose rate would 
result by substituting a stack for increased 
holdup capacity, a higher man-rem dose might 
occur from dispersing a larger amount of radio- 
activity into the atmosphere. 


Cost effectiveness of treatment systems— 
liquid wastes 


Treatment of liquid wastes for both PWR’s 
and BWR’s depends on the same general tech- 
niques of filtration, demineralization, and 
solidification by evaporation or other means 
so that the majority of the radioactive material 
is removed from process streams and disposed 
of as solid wastes by shipment offsite to licensed 
burial facilities. Most facilities already incor- 
porate designs that allow subsequent dose rates 
to individuals of 1 mrem/year or less to be 
achieved, even allowing for discharges of 
tritium. Increased costs may be required to 
upgrade some reactor systems currently oper- 
ating in order to reach these levels of exposure, 
but such costs would be within a range that 
numerous utilities have already accepted as 
commercially feasible by installing such equip- 
ment. EPA field studies conducted to date at 
both operating PWR’s (4) and BWR’s (5) 
confirm that population exposures from liquid 
waste discharges are relatively small in com- 
parison to gaseous discharges, and are virtually 
impossible to determine in the general environ- 
ment. 


PWR gaseous waste treatment 


Current gaseous waste treatment system de- 
signs for PWR’s are, by and large, able to pro- 
vide sufficient holdup (about 60 days) to reduce 
discharges to essentially krypton-85; therefore, 
no substantial incremental costs above those 
already being expended would be required for 
PWR’s to meet this criterion. The only dose 
reductions that could be achieved by additional 
expenditures for PWR’s would be to remove 
krypton-85 from the offgas streams by the use 
of cryogenic techniques or a combination of 
charcoal and cryogenic delay beds. The only 
dose reduction possible above that achieved 
with holdup systems of 60-90 days capacity is 
about 1.5 millirems per year for the 1 percent 
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Table 5. Cost effectiveness of PWR gaseous waste treatment systems in reducing annual dose rate 





Dose data 


Recombiner and holdup tanks 


Recombiner plus cryogenic 





Days holdup 











l}1118e 





8 

















® Includes $25,000 annual operating cost for basic system; incremental annual cost of $5, 000 assumed for each 15 days holdup added above recombiner. 


Based on 8 percent interest on capital cost. 


osts for recombiner and holdup based on the ove Nuclear Power Station (6). 


¢ Includes estimated annual operating costs of $100 


failed fuel situation in a 1,100 MW(e) reactor. 
The actual increment of dose reduction possible 
for most routine operations with good fuel per- 
formance is considerably less than 1.5 millirems 
per year. In essence, therefore, two options are 
available for gaseous waste treatment from 
PWR’s: (1) holdup tanks (current design) to 
reduce discharges to krypton—85, and (2) re- 
combiners followed by a cryogenic system (no 
tanks) to remove all noble gases for long-term 
storage. Relative costs of using each of these op- 
tions in a typical 1,100 MW(e) plant, inclusive 
of operational costs, are shown in table 5. The 
data indicate that the annualized cost of com- 
plete removal of krypton—85 by cryogenic tech- 
niques is almost twice that of providing 45-60 
days decay with holdup tanks. 

Figure 3 is a plot of the data in table 5 for 
the tank treatment option; it illustrates that 
about 15 days holdup is the most cost effective 
provision of holdup capacity. Figure 3 also 
indicates that significant dose reductions versus 
cost are obtainable up to about 30-45 days, after 
which rapidly increasing costs would be in- 
curred for small reductions in dose. This situa- 
tion exists because essentially all of the remain- 
ing gas is krypton—85. The dose represented by 
this residual krypton-85 is only about 1.5 mili- 
rems per year for a typical PWR. The value 
or necessity for such a dose reduction is ques- 
tionable since the computed dose represents a 
surface dose to the skin, not to viable tissue 
or genetically significant organs. Since krypton— 
85 is essentially a low energy emitter, the dose 
to the living layers of the skin would be approx- 
imately half the surface dose, and the genetic 
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60 Days 


ea, 
10 
DOSE REDUCTION FACTOR 











Figure 3. Cost effectiveness of PWR gaseous waste 
treatment (recombiner and holdup tanks) 


dose would be approximately 2.5 percent of the 
skin surface dose (7). 


BWR gaseous waste treatment 


The cost of gaseous waste treatment for 
BWR’s is a bit more complex than for PWR’s, 
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primarily because most system designs for long 
holdup periods are relatively new with little 
actual experience on design, construction, and 
operating costs. Estimates of system costs are 
based on contractual work (8) and vendor dis- 
cussions and are shown in figure 4. It appears 
from a number of recent environmental reports 
filed by utilities in support of license applica- 
tions for BWR’s that systems based on charcoal 
absorption beds may be retrofitted at a cost 
of about three to four million dollars for a 
1,000 MW(e) plant (GE data in figure 4). This 
system could provide dose reduction factors of 
100 to 1,000 above those currently available 
with delay lines and a stack. Cryogenic tech- 
niques can also be used to entrap the noble 
gases with subsequent storage for long periods. 
The installed cost of this system should be 
somewhat similar to the charcoal system, but 
the accompanying dose reduction factor may be 
a factor of 10 higher. The cryogenic systems 
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Figure 4. Cost of dose reduction for gaseous 


effluents at a BWR 


apparently are not yet fully evaluated relative 
to potential system leakage and the redundancy 
that would be required for plants using them 
to be licensed. This lack of performance infor- 
mation is apparently the major reason that only 
a few of these have been proposed for BWR 
facilities. 

The cost effectiveness of reducing potential 
annual offsite dose rates for a typical BWR is 
shown in figure 5 for three of the options that 
currently appear to be available to reactor 
designers. The first option is to add a catalytic 
recombiner and charcoal beds onto a system 
employing a 30-minute delay-line and a stack, 
a common retrofit situation for BWR’s in oper- 
ation or nearing completion. The second option 
would be to add a recombiner and charcoal beds 
to a system with a 30-minute delay-line and a 
building vent discharge. A third option which 
is available early in design would be to elimi- 
nate both the 30-minute delay-line and the 
stack and use only recombiners, charcoal beds, 
and vent discharge. If the design objective for 
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Figure 5. Cost effectiveness of adding various gas 
treatment components to achieve annual dose 
reduction to individuals offsite for a “typical” 

1,000 MW(e) BWR 
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BWR’s were to reduce potential offsite dose 
rates to less than 10 mrem/year, option 3 would 
be the most cost-effective approach. The cost 
data used in determining the cost effectiveness 
curves were obtained primarily from environ- 
mental reports for selected BWR power plants 
and are believed to reasonably reflect industry 
costs for such systems for BWR’s. 


Conclusions 


On the basis of the foregoing analysis, it can 
be concluded that a typical 1,100 MW(e) PWR 
can normally be expected to operate such that 
dose rates for individuals at the maximum point 
offsite would be somewhere below about 1.5 
mrem/year with systems currently being in- 
stalled by the industry for liquid or gaseous 
waste treatment, Similarly, a BWR can be ex- 
pected to operate so that exposures at the maxi- 
mum point offsite would be less than about 6 
mrem/year if gas holdup treatment equip- 
ment costing about three to four million dollars 
is retrofitted in the design. Further reductions 
in this dose for a BWR would require longer 
holdup periods (greater than 25-30 days) re- 
sulting in costs on the order of one-half million 
dollars per millirem reduced. Complete removal 
of krypton-85 from either PWR’s or BWR’s 
could cost from one-quarter to one million dol- 
lars per plant for exposure reductions in most 
cases of about 1 mrem/year or less. These esti- 
mated individual exposures offsite are depend- 
ent on the assumption that all systems are op- 
erational at all times. Failure rates or down 
times of such waste treatment systems are not 
generally known, but any technical conclusions 
relative to expected population dose rates from 
light-water reactors should consider that such 
systems would occasionally be out of service. 
It should also be noted that individual offsite 
dose rates presented in this paper are only 
doses attributable to the major gaseous radio- 
active waste treatment system. Secondary 
gas sources, such as containment purging, 
will add to the dose rates estimated for effluents 
from the waste treatment system. 

Having once reduced gaseous effluents of 
light-water reactors to essentially krypton—85, 
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the only further treatment that can be consid- 
ered would be to remove the krypton-85 from 
the effluent and store it in pressurized tanks or 
cylinders for about 100 years to allow it to 
decay. Whether it is worth while or even de- 
sirable to exert further effort to contain the 
residual krypton—85 is doubtful at the present 
time. For most normal operating conditions, 
an expenditure of one-quarter to one million 
dollars is required for systems which would 
prevent less than 100 curies per year of 
krypton-85 from being discharged to the 
atmosphere, a relatively small quantity of radio- 
active material and generally negligible from an 
environmental or public health impact stand- 
point. This may be considered an unnecessarily 
drastic step for nuclear reactors since the major 
source of krypton-85 is that discharged from 
reactor fuel reprocessing facilities. Discharges 
at these facilities are several thousand curies 
per day; therefore, if reductions of krypton—85 
are required from a public health standpoint, 
reductions of discharges to the atmosphere 
should first be made at these facilities. The En- 
vironmental Protection Agency has made such a 
recommendation in reviews of environmental 
impact statements for fuel reprocessing plants 
and the Atomic Energy Commission is conduct- 
ing studies of systems to cope with this poten- 
tial problem. Furthermore, the potential haz- 
ards associated with retaining cylinders of 
krypton-85 and methods for ultimate storage 
for about 100 years require further evaluation. 
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Assessment of Thyroid Inhalation Doses in the Western United States From 
the Chinese Nuclear Test of November 1971 


R. B. Evans, R. N. Snelling, and F. N. Buck * 


Following a nuclear detonation by the People’s Republic of China, 


measurable increases of radioactivity were d 


etected over the western 


United States by the Air Surveillance Network which is operated by the 
National Environmental Research Center-Las Vegas. The progress and 
intensity of the radioactive cloud across the United States ure presented 
graphically. The highest hypothetical infant thyroid dose equivalent 
calculated to result from the inhalation of iodine-131 and tellurium-132 
was 0.2 mrem at Scotty’s Junction, Nev. 


The U.S. Atomic Energy Commission an- 
nounced that the People’s Republic of China 
detonated a nuclear device with a yield of about 
20 kilotons in the atmosphere in the vicinity of 
its Lop Nor testing ground at 1:00 a.m., e.s.t., 
on November 18, 1971. Measurable increases in 
airborne radioactivity were subsequently de- 
tected over the continental United States by the 
Air Surveillance Network (ASN) beginning 
with samples collected on November 24, 1971 
(1). The network, operated by the National 
Environmental Research Center-Las Vegas 
(NERC-LV), presently includes air sampling 
stations in 21 western States.? During Novem- 
ber 1971, 103 ASN stations operated contin- 
uously. Gross beta concentrations ranging from 
0.3 pCi/m* to 2.0 pCi/m*® above background 
were first observed in Washington and Oregon, 
although the highest gross beta concentrations 
were ultimately found in samples from western 
Nevada and eastern California. The high- 
est hypothetical infant thyroid dose equivalent 
resulting from inhalation of iodine-131 and 
tellurium-132 was slightly more than 0.2 mrem 
at Scotty’s Junction, Nev., which is approxi- 
mately 125 miles northwest of Las Vegas, Nev. 


National Environmental Research Center-Las 
Vegas, U.S. Environmental Protection Agency, Las 
Vegas, Nev. At the time this work was performed, the 
Center was named the Western Environmental Research 
Laboratory. 

?The ASN is operated under a Memorandum of 
Understanding No. AT(26-1)-539 with the Nevada 
Onerations Office, 1.8. Atomée Energy Commiccion, A 
complete description of sampling and analytical pro- 
cedures was presented in the February 1972 issue of 
Radiation Data and Reports. 
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(2). The Federal Radiation Council has recom- 
mended that the average radiation dose to the 
thyroids of a suitable sample of the general 
population be kept below 500 mrem per year. 
The value of 0.2 mrem calculated for Scotty’s 
Junction is less than one-tenth of 1 percent of 
this radiation protection guide (3). 


Gross beta concentrations in air 


Twelve sampling stations were selected at 
random for a determination of background 
concentrations of gross beta radioactivity. The 
average gross beta concentrations and standard 
deviation were determined for the first 23 days 
of November. Values less than the minimum 
detectable concentration were ignored in this 
computation, thus raising the estimate of the 
average. The average gross beta concentration, 
i.e., background concentration, was found to be 
0.15 pCi/m! with an average standard deviation 
of 0.06 pCi/m*. For the purposes of detecting 
airborne radioactivity, values greater than 
3 standard deviations above background 
(i.e., greater than 0.33 pCi/m*) were consid- 
ered to be significant. Because results are re- 
ported to the nearest 0.1 pCi/m’, a gross beta 
concentration equal to or greater than 0.4 
pCi/m* was assumed to represent a departure 
from background. 

Utilizing the Way-Wigner equation for long- 
lived gross beta activity in air, an estimate of 
the apparent fission product age was deter- 
mined (4). Analysis of 10 randomly selected 
air filters indicated a time of formation not 


inconsistent with a November 18 detonation 
date. 
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Figure 1. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 26, 1971, 
1200 local standard time 
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Figure 2. Air surveillance network stations with gross beta concentrations ahove background, 
in samples collected during a 24-hour period ending November 25, 1971, 
1200 local standard time 
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Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 26, 1971, 
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Figure 4. 


Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 27, 1971, 
1200 local standard time 
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Figure lI. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 26, 1971, 
1200 local standard time 
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Figure 4. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 27, 1971, 
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Figure 5. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 28, 1971, 
1200 local standard time 





CANADA SB 

















Figure 6. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 29, 1971, 
1200 local standard time 
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Figure 7. 


Air surveillance network stations with gross beta concentrations above background, 


in samples collected during a 24-hour period ending November 30, 1971, 
1200 local standard time 


Gross beta air sampling results for successive 
days are plotted in figures 1 through 7. By 
December 1, gross beta concentrations at all 
stations had dropped to background. 


Composition of airborne radioactivity 


Gross beta concentrations above background 
were measurable at 95 routine ASN stations. 
A total of 83 stations showed concentrations 
high enough to allow quantitation of specific 
radionuclides by gamma spectroscopy. Radio- 
nuclides quantitated included  cerium-141, 
barium-140, tellurium-132, and iodine-131. The 
highest single gross beta concentration was 51 
pCi m* observed on a prefilter collected at 
Fallon, Nev., on November 25. Analysis of this 
sample by gamma spectroscopy showed radio- 
nuclide concentrations as follows: 


Iodine-131 2.0 pCi 
Cerium-141 9 pCi/ 
Barium-140 2.6 pCi 

Tellurium-132 1.6 pCi 
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Uranium-237 was also present on the air 
filters analyzed in quantities approximately 
equal to that of barium-140. Additional trace 
radionuclides identified but not quantitated 
included molybdenum-99, zirconium-95, ru- 
thenium-103, and neodymium-147. 

Of the above radionuclides, only iodine-131 
and tellurium-132 were considered to contribute 
to the hypothetical infant thyroid dose equiva- 
lents represented by figures 8 and 9. Hypo- 
thetical doses from other radionuclides were 
much smaller than the thyroid dose and were 
neglected. 

Analysis of activated charcoal cartridges 
(secondary to the particulate filters) from 25 
routine air sampling stations indicated that the 
airborne radioactivity was particulate in nature 
with little or no detectable gaseous radioiodine. 


Hypothetical thyroid inhalation dose 
equivalents 

Hypothetical thyroid dose equivalents cor- 
responding to inhalation of airborne radio- 
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Figure 5. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 28, 1971, 
1200 local standard time 
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Figure 6. Air surveillance network stations with gross beta concentrations above background, 
in samples collected during a 24-hour period ending November 29, 1971, 
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Figure 7. 


Air surveillance network stations with gross beta concentrations above background, 


in samples collected during a 24-hour period ending November 30, 1971, 
1200 local standard time 


Gross beta air sampling results for successive 
days are plotted in figures 1 through 7. By 
December 1, gross beta concentrations at all 
stations had dropped to background. 


Composition of airborne radioactivity 


Gross beta concentrations above background 
were measurable at 95 routine ASN stations. 
A total of 83 stations showed concentrations 
high enough to allow quantitation of specific 
radionuclides by gamma spectroscopy. Radio- 
nuclides quantitated included  cerium-141, 
barium-140, tellurium-132, and iodine-131. The 
highest single gross beta concentration was 51 
pCi/m* observed on a prefilter collected at 
Fallon, Nev., on November 25. Analysis of this 
sample by gamma spectroscopy showed radio- 
nuclide concentrations as follows: 


Iodine-131 2.0 pCi/m’ 
Cerium-141 .9 pCi/m* 
Barium-140 2.6 pCi/m* 

Tellurium-132 1.6 pCi/m? 
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Uranium-237 was also present on the air 
filters analyzed in quantities approximately 
equal to that of barium-140. Additional trace 
radionuclides identified but not quantitated 
included molybdenum-99, zirconium-95, ru- 
thenium-103, and neodymium-147. 

Of the above radionuclides, only iodine-131 
and tellurium-132 were considered to contribute 
to the hypothetical infant thyroid dose equiva- 
lents represented by figures 8 and 9. Hypo- 
thetical doses from other radionuclides were 
much smaller than the thyroid dose and were 
neglected. 

Analysis of activated charcoal cartridges 
(secondary to the particulate filters) from 25 
routine air sampling stations indicated that the 
airborne radioactivity was particulate in nature 
with little or no detectable gaseous radioiodine. 


Hypothetical thyroid inhalation dose 
equivalents 


Hypothetical thyroid dose equivalents cor- 
responding to inhalation of airborne radio- 
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Figure 8. Hypothetical infant thyroid dose equivalents (mrem) in Nevada 
from the Chinese test of November 1971 
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Figure 9. Hypothetical infant thyroid dose equivalents (mrem) in the Western United States 
from the Chinese test of November 1971 
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activity were computed using measured time- 
integrated concentrations of iodine-131 and 
tellurium-132, and the following dose conver- 
sion factors: 


Dose conversion mrem 
pCi-s/m* 


Radionuclide factor 
Iodine-131 0.59 
Tellurium-132 12 





These dose conversion factors were derived 
using the models and standard man assump- 
tions of ICRP Publications 2 and 10 (5, 6), an 
assumed thyroid weight for a _ 1-year-old 
infant of 2 grams (7), and an assumed infant 
breathing rate of 4.7 m*/day (8). The dose 
from tellurium-132 was considered to result 
from uptake of the daughter iodine-132 into 
the blood stream and subsequently into the 
thyroid as described in ICRP 10. The computa- 
tions are hypothetical in the sense that the criti- 
cal receptor (a 1l-year-old infant) was assumed 
to be present and continuously exposed to the 
airborne radioactivity at each location, whether 
or not this was actually the case. 

Figures 8 and 9 show ASN sampling stations 
and the isodose patterns for hypothetical in- 
fant thyroid dose equivalents in Nevada and 
in the western United States, respectively. All 
locations identified by name on these two figures 
have ASN stations. The highest calculated in- 
fant dose equivalent, slightly more than 0.2 
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mrem, occurred at Scotty’s Junction, Nev. The 
hypothetical adult dose equivalent at that loca- 
tion was approximately 0.1 mrem. Adult dose 
equivalents, calculated on the basis of a 20- 
gram thyroid weight and a breathing rate of 
22.8 m*/day (8), were approximately half of 
the levels shown in figures 8 and 9. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, September 1972 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an indi- 
cator of the general population’s intake of 
radionuclide contaminants resulting from en- 
vironmental releases. Fresh milk is consumed 
by a large segment of the population and con- 
tains several of the biologically important 
radionuclides that may be released to the 
environment from nuclear activities. In addi- 
tion, milk is produced and consumed on a regu- 
lar basis, is convenient to handle and analyze, 
and samples representative of general popula- 
tion consumption can be readily obtained. 
Therefore, milk sampling networks have been 
found to be an effective mechanism for obtain- 
ing information on current radionuclide con- 
centration and long-term trends. From such 
information, public health agencies can deter- 
mine the need for further investigation or cor- 
rective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Office of Radiation Programs, En- 
vironmental Protection Agency, and the Office 
of Food Sanitation, Food and Drug Administra- 
tion, Public Health Service, consists of 63 
sampling stations: 61 located in the United 
States, one in Puerto Rico, and one in the Canal 
Zone. Many of the State health departments 
also conduct local milk surveillance programs 
which provide more comprehensive coverage 
within the individual State. Data from 15 of 
these State networks are reported routinely in 
Radiation Data and Reports. Additional net- 
works for the routine surveillance of radioac- 
tivity in milk in the Western Hemisphere and 
their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. 
Environmental Protection Agency)—5 
sampling stations 

Canadian Milk Network (Radiation Protec- 
tion Division, Canadian Department of Na- 
tional Health and Welfare)—16 sampling 
stations. 


The sampling locations that make up the net- 
works presently reporting in Radiation Data 
and Reports are shown in figure 1. Based on 
the similar purpose for these sampling activ- 
ities, the present format integrates the comple- 
mentary data that are routinely obtained by 
these several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
are formed as a result of nuclear fission become 
incorporated in milk (1). Most of the possible 
radiocontaminants are eliminated by the selec- 
tive metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the 
milk. The five fission-product radionuclides 
which commonly occur in milk are strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140. A sixth radionuclide, potassium-40, 
occurs naturally in 0.0118 percent (2) abund- 
ance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a 
means for assessing the biological behavior of 
metabolically similar radionuclides (radio- 
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Figure 1. Milk sampling networks in the Western Hemisphere 
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strontium and radiocesium, respectively). The 
contents of both calcium and potassium in milk 
have been measured extensively and are rela- 
tively constant. Appropriate values and their 
variations, expressed in terms of 2 standard 
deviations (2c), for these elements are 1.16 + 
0.08 g/liter for calcium and 1.51 + 0.21 g/liter 
for potassium. These figures are averages of 
data from the PMN for May 1963-March 1966 
(3) and are used for general radiation calcula- 
tions. 


Accuracy of data from various milk networks 


In order to combine data from the interna- 
tional, national, and State networks considered 
in this report, it was first necessary to deter- 
mine the accuracy with which each laboratory 
is making its determinations and the agree- 
ment of the measurements among the labora- 
tories. The Analytical Quality Control Service 
of the Office of Radiation Programs conducts 
periodic studies to assess the accuracy of de- 
terminations of radionuclides in milk per- 
formed by interested radiochemical labora- 
tories. The generalized procedure for making 
such a study has been outlined previously (4). 

The most recent study was conducted during 
July 1971 with 37 laboratories participating 
in an experiment on a milk sample containing 
known concentrations of iodine-131, cesium- 
137, strontium-89, and strontium-90 (5). Of 
the 17 laboratories producing data for the net- 
works reporting in Radiation Data and Reports, 
14 participated in the study. 

The accuracy results of this study for these 
14 laboratories are shown in table 1. Consid- 
erable improvement has been made in the 
accuracy of the analyses of all radionuclides 
compared to the results of previous studies. 


Some improvement is still needed in the tech- 
nique for determining the strontium-90 results. 
These possible differences should be kept in 
mind when considering the integration of data 
from the various networks. 


Development of a common reporting basis 


Since the various networks collect and ana- 
lyze samples differently, a complete understand- 
ing of several parameters is useful for inter- 
preting the data. Therefore, the various milk 
surveillance networks that report regularly 
were surveyed for information on analytical 
methods, sampling and analysis frequencies, 
and estimated analytical errors associated with 
the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by 
beta-particle counting in low-background de- 
tectors, and the gamma-ray emitters (potas- 
sium-40, iodine-131, cesium-137, and barium- 
140) are determined by gamma-ray spectros- 
copy of whole milk. Each laboratory has its 
own modifications and refinements of these 
basic methodologies. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. Many 
networks are analyzing composite samples on 
a quarterly basis for certain nuclides. The fre- 
quency of collection and analysis varies not 
only among the networks but also at different 
stations within some of the networks. In addi- 
tion, the frequency of collection and analysis 
is a function of current environmental levels. 
The number of samples analyzed at a particular 
sampling station under current conditions is 


Table 1. Distribution of mean results, quality control experiment 





Isotope and known concentration 


Number of laboratories in each category 


Acceptable* 


Experi- 
mental 
2e error 
Unaccept- (pCi/ 

| liter) 


Warning 





Iodine-131 (69 pCi/liter) 13 (100%) 6 
Cesium-137 (52 pCi/liter) 12 (92%) 6 
Strontium-89 (31 pCi /liter) 9 (90%) 10 6 
Strontium-90 (41.6 pCi/liter) (69%) 2. 
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reflected in the data presentation. Current 
levels for strontium-90 and cesium-137 are rela- 
tively stable over short periods of time, and 
sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine- 
131, the frequency of analysis is critical and is 
generally increased at the first measurement or 
recognition of a new influx of this radionuclide. 

The data in table 2 show whether raw or 
pasteurized milk was collected. An analysis 
(6) of raw and pasteurized milk samples col- 
lected during January 1964 to June 1966 indi- 
cated that for relatively similar milkshed or 
sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk 
are not statistically significant (6). Particular 
attention was paid to strontium-90 and cesium- 
137 in that analysis. 

Practical reporting levels were developed by 
the participating networks, most often based 
on 2-standard-deviation counting errors or 2- 
standard-deviation total analytical errors from 
replicate analyses (3). The practical reporting 
level reflects analytical factors other than sta- 
tistical radioactivity counting variations and 
will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal 
to or less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 +5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 


Some of the networks gave practical report- 
ing levels greater than those above. In these 
cases the larger value is used so that only data 
considered by the network as meaningful will 
be presented. The practical reporting levels 
apply to the handling of individual sample de- 
terminations. The treatment of measurements 
equal to or below these practical reporting 
levels for calculation purposes, particularly in 
calculating monthly averages, is discussed in 
the data presentation. 


20 


Analytical error or precision expressed as 
pCi/liter or percent in a given concentration 
range has also been reported by the networks 
(3). The precision errors reported for each of 
the radionuclides fall in the following ranges: 


Analytical errors of precision 
(2 standard deviations) 


Radionuclide 


Strontium-89 1-5 pCi/liter for levels <50 
pCi/liter ; 

5-10% for levels =50 pCi/liter ; 

1-2 pCi/liter for levels <20 
pCi/liter ; 

4-10% for levels >20 pCi/liter ; 

4-10 pCi/liter for levels <100 
pCi/liter ; 

4-10% for levels =100 pCi/ 
liter. 


Strontium-90 


Iodine-131 
Cesium-137 
Barium-140 


For iodine-131, cesium-137, and barium-140, 
there is one exception for these precision error 
ranges: 25 pCi/liter at levels <100 pCi/liter 
for Colorado. This is reflected in the practical 
reporting level for the Colorado milk network. 


Federal Radiation Council guidance applicable 
to milk surveillance 


In order to place the U.S. data on radioactiv- 
ity in milk presented in Radiation Data and 
Reports in perspective, a summary of the 
guidance provided by the Federal Radiation 
Council for specific environmental conditions 
was presented in the December 1970 issue of 
Radiological Health Data and Reports. 


Data reporting format 


Table 2 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations 
which are routinely reported in Radiation Data 
and Reports. The relationship between the 
PMN stations and the State stations is shown 
in figure 2. The first column in table 2 under 
each of the reported radionuclides gives the 
monthly average for the station and the num- 
ber of samples analyzed in that month in 
parentheses. When an individual sampling re- 
sult is equal to or below the practical reporting 
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Table 2. Concentrations of radionuclides in milk for September 1972 and 12-month period 
October 1971 through September 1972 


Radionuclide concentration 
(pCi /liter) 


Sampling location Strontium-90 | Cesium-137 


Monthly 12-month Monthly 12-month 
average> average average> average 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for September 1972 and 12-month period 
October 1971 through September 1972—continued 





Radionuclide concentration 
(pCi/liter) 





Type of 
Sampling location sample* Strontium-90 Cesium-137 





3 Monthly 12-month Monthly 12-month 
y average» average average> average 





UNITED STATES—continued 





Minn: Minneapolis 
Rochester 


Kansas City* 
St. Louise 
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Philadelphia* 
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Spokane* 
Benton County 
Franklin County 
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W. Va: Charleston* 
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See footnotes at end of table. 
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Table 2. Concentrations of radionuclides in milk for September 1972 and 12-month period 
October 1971 through September 1972—continued 





Sampling location 


Type of 
sample* 


Radionuclide concentration 
(pCi /liter) 





Strontium-90 Cesium-137 





Monthl 
average! 


12-month 
average 


Monthl 
averag: 


12-month 
average 





CANADA: 
Alberta: 

Ed. 
British Columbia: 
Manitoba: Winnipeg 
New a ck: 
ees 
Nova Scotia: 


Ontario: 
Sault Ste. Marie___.-...- 
Thunder Bay 


Quebec: 


Que 
Saskatchewan: 


CENTRAL AND SOUTH AMERICA: 


Canal Zone: 

Cristobal¢ 
Chile: Santiago 
Colombia: Bogota 
Ecuador: Guayaquil 
Jamacia: Montego Bay 
Puerto Rico: 

San Juan° 
Venezuela: 
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PMN network average * 


*P, canenteen milk. 
R, raw milk. 
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» When an individual sampling result was equal to or less than the practical reporting level, a value of “0” was used for averaging. 
Monthly averages less than the practical reporting level reflect the fact that some but not all of the individual samples making up the 
average contained levels greater than the practical reporting level. When more than one analysis was made in a monthly period, the num- 


ber of samples in the monthly average is given in parentheses. 


¢ Pasteurized Milk Network station. All other sampling locations are part of the State or National network. 
4 The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks 


were equal to or less than the following practical reporting levels: 
Cesium-137: » anneal i 
Oregon—15 pCi/liter 


¢ This entry gives the average radionuclide concentration for the Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


level for the radionuclide, a value of zero is 
used for averaging. Monthly averages are cal- 
culated using the above convention. Averages 
which are equal to or less than the practical 
reporting levels reflect the presence of radio- 
activity in some of the individual samples 
greater than the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12 monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of 
radioactivity by exposed population groups, 
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averaged over a year, constitutes an appropri- 
ate criterion for the case where the FRC radia- 
tion protection guides apply; the 12-month 
average serves as a basis for comparison. 


Discussion of current data 


In table 2, surveillance results are given for 
strontium-90 and cesium-137 for September 
1972 and the 12-month period, October 1971 to 
September 1972. Except where noted, the 
monthly average represents a single sample for 
the sampling station. Strontium-89, iodine-131, 
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Figure 2. 


and barium-140 data have been omitted from 
table 2 since levels at the great majority of the 
stations for September 1972 were below the 
respective reporting levels. Table 3 gives 
monthly average for those stations at which 
strontium-89, iodine-131, and barium-140 were 
detected. 

Strontium-90 monthly averages ranged from 
0 to 20 pCi/liter in the United States for Sep- 
tember 1972, and the highest 12-month average 
was 18 pCi/liter (Little Falls and Minneapolis, 
Minn.) representing 9.0 percent of the Federal 
Radiation Council radiation protection guide. 
Cesium-137 monthly averages ranged from 0 
to 84 pCi/liter in the United States for Sep- 
tember 1972, and the highest 12-month average 
was 56 pCi/liter: (Southeast Florida) repre- 
senting 1.6 percent of the value derived from 
the ‘recommendations given in the Federal 
Radiation Council report. Of particular interest 


24 


State and PMN milk sampling stations in the United States 


are the consistently higher cesium-137 levels 
that have been observed in Florida (7) and 
Jamaica. 


Table 3. Strontium-89, iodine-131, and barium-140 


in milk,! ‘Saplamaber 00F 1972 





Concentration 
(pCi/liter} 


Sampling location 





Barium-140 


| Strontium-89 
tL 





United States: 
Colo: 

N.Y: 

Canada: 


Alberta: 

British Columbia: 
Manitoba: 

Nova Scotia: 
Quebec: 
Saskatchewan: 











* No iodine-131 detected. 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet Study 
Carbon-14 in Total Diet 

and Milk 
Connecticut Standard Diet 


Institutional Total Diet 


Radiostrontium in Milk 
Strontium-90 in Tri-City Diets 


Period reported 
January-June 1971 


July-December 1971 
January-December 1971 
October-December 1971 and 
1971 Annual Summary 
January-December 1971 
January-December 1971 


(5) KNOWLES, F. Interlaboratory study of iodine-131, 
cesium-137, strontium-89 and strontium-90 measure- 
ments in milk, July 1971, Technical experiment 
71-MKAQ-1. Analytical Quality Control Service, 
Office of Radiation Programs, EPA, Washington, 
D.C. 20460 (December 1971). 
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teurized Milk Networks for January 1964 through 
June 1966. Radiol Health Data Rep 9:475-488 (Sep- 
tember 1968). 

(7) PORTER, C. R., C. R. PHILLIPS, M. W. CARTER 
and B. KAHN. The cause of relatively high cesium- 
137 concentrations in Tampa, Florida, milk. Radio- 
ecological Concentration Processes, Proceedings of an 
International Symposium held in Stockholm, April 
25-29, 1966. Pergamon Press, New York, N.Y. (1966) 
pp. 95-101. 


Networks presently in operation and reported 
routinely include those listed below. These het- 
works provide data useful for developing ésti- 
mates of nationwide dietary intake of radio- 
nuclides. Programs reported in Radiation Data 
and Reports are as follows: 


Issue 


December 1972 


May 1972 
December 1972 


November 1972 


November 1972 
December 1972 
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SECTION II. WATER 


The Environmental Protection Agency and 
other Federal, State, and local agencies operate 
extensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4) 
set the limits for approval of a drinking water 
supply containing radium-226 and strontium-90 
at 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 





Higher concentrations may be acceptable if the 
total intake of radioactivity from all sources 
remains within the guides recommended by 
FRC for control action. In the known absence’ 
of strontium-90 and alpha-particle emitters, the 
limit is 1,000 pCi/liter gross beta radioactivity, 
except when additional analysis indicates that 
concentrations of radionuclides are not likely 
to cause exposures greater than the limits indi- 
cated by the Radiation Protection Guides. Sur- 
veillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities reported in Radiation Data 
and Reports are listed below. 


‘ Absence is' taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively. 


Period reported Issue 





June 1972 
March 1972 
September 1972 
January 1972 
May 1972 
December 1971 
November 1971 
November 1972 


January-December 1970 

1968 

1969 

1969 

1971 

January-December 1970 

January-June 1970 

July-1970-June 1971 

July-December 1970 and 
January-June 1971 

1968-1970 

July-December 1971 

July 1969-June 1970 


California 

Colorado River Basin 

Community Water Supply Study 
Florida 

Interstate Carrier Drinking Water 
Kansas 

Michigan 

Minnesota Municipal Water 

New York 

May 1972 
September 1972 
November 1972 
March 1972 


North Carolina 

Radiostrontium in Tap Water, HASL 
Washington 

Water Surveillance Programs, 


NERC-LV January-March 1972 December 1972 
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Gross Radioactivity in Surface Waters of the United States 


May 1972 


Office of Water Planning and Standards 
U.S. Environmental Protection Agency 


The monitoring of gross radioactivity in sur- 
face waters of the United States was initiated 
in 1967 as part of the Water Pollution Sur- 
veillance System (formerly National Water 
Quality Network) of the U.S. Public Health 
Service. Currently, the program is operated by 
the U.S. Environmental Protection Agency, 
Office of Water Planning and Standards. Re- 
gional offices of the Environmental Protection 
Agency are responsible for the collection and 
retrieval system. Radioactivity analyses are 
performed in the centralized laboratories of the 
Office of Water Planning and Standards 
(Cincinnati, Ohio). 

The regular reporting of gross radioactivity 
data in Radiological Health Data and Reports 
was terminated with the publication of data 
for October 1968 (April 1969 issue). With the 
publication of data for January 1971, this 
activity was resumed as a monthly report 
series. The unpublished data for the time inter- 
val of November 1968 through December 1970 
will be the subject of a future summary article. 

Table 1 presents the gross alpha and beta 
radioactivity results for samples collected from 
11 rivers during May 1971. The analytical pro- 
cedures used for determining gross alpha and 
beta radioactivity are described in the 13th 
Edition of Standard Methods for the Examina- 
tion of Water and Wastewater (1). Results are 
collected for the date of counting and are not 
corrected to the date of collection. The sensi- 
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tivity in counting is that defined by the Na- 
tional Bureau of Standards Handbook 86 (2) 
and is calculated to be <0.2 pCi/liter for gross 
alpha radioactivity and <1 pCi/liter for gross 
beta radioactivity measurements. 

Table 2 presents the strontium-90 results on 
samples collected and composited from 27 rivers 
during the third quarter of the 1971 water year 
(April-June 1971). The analytical procedures 
used for determining strontium-90 are de- 
scribed in Radionuclide Analysis of Environ- 
mental Samples (2). Results are reported for 
the date of counting and are not corrected to 
the date of collection. The sensitivity in count- 
ing is that defined by the National Bureau of 
Standards Handbook 85 (3) and is calculated 
to be <0.2 pCi/liter for gross alpha radioactiv- 
ity and <1 pCi/liter for gross beta radio- 
activity measurements. 
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Table 1. Gross radioactivity in U.S. surface waters, May 1972 





Gross alpha Gross beta 
radioactivity radioactivity 


(pCi /liter) (pCi /liter) 
River and station 





Suspended Dissolved | Suspended} Dissolved 
solids solids solids solids 
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Mississippi River: 
Burlington, Iowa 
Dubuque, Iowa 


Missouri River: 
St. Joseph, Mo 
St. Louis, Mo 


Ohio River: 
Cincinnati, Ohio 
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Roanoke River: 
John Kerr Dam, Va 
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River and location 


Table 2. 


| 


Strontium-90 
(pCi /liter) 





Allegheny River: 
Pittsburgh, Pa 
Beaver River: 
New Brighton, Pa 
Big Sandy River: 
ayne County, W. Va 
—— River: 
randon, S. Dak 
Clinch River: 
Kingston, Tenn 
Cheyenne River: 


Edgemont, S. Dak__...._.._- i Seen a aes 


Great Miami River: 


American Material Bridge, Hamilton, Ohio 


Liberty-Fairfield, Ohio 

Lost Bridge Ohio 

Sellars Road Bridge, Hamilton, Ohio 
Guyandotte River: 

Guyandotte, W. Va 
Kanawha River: 

Mason County, W. we 

Winfield Dam, W. 
Kentucky River: 
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Licking River: 
Covington, Ky 
Little Miami River: 

Cincinnati, Ohio 
Maumee River: 


Mississippi River: 
Burlington, Iowa 

Missouri River: 
Bismarck, N. Dak 
St. Joseph, Mo 
St. Louis, Mo 

Monongahela River: 
Pittsburgh, Pa 
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pocunmartined in surface waters, heei-fene | 1971 


River and location - 


Muskingum River: 
Dam No. 2, Mich 
Ohio River: 
oe, gue 
Ashla 
Bidean Kitts, Ohio 
Hancock, W. Va 


Maysville, Ky 
New Martinsville, Ohio 
Portsmouth, 
South Heights, Pa 
Above Muskingum River, Ohio 
Warwood, W. V 
Platte River: 
Plattsmouth, Nebr 
Rainy River: 
International Falls, Minn 
Roanoke River: 
John Kerr Dam, Va 
Sabine River: 
Rulyt, Tex 
St. Lawrence River: 
assena, N 
Susquehanna River: 
Conowin 
Holtwood, 
Whitewater River: (Ohio) 
Suspension Bridge 
Yazoo River: 
Vicksburg, Miss 
Yellowstone River: 
Sidney, Mont 


Strontium-90 
(pCi/liter) 
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Trituim Surveillance System, April-June 1972 


Office of Radiation Programs 
Environmental Protection Agency 


The Tritium Surveillance System is an ex- 
pansion of previous tritium surveillance activ- 
ities conducted by the Office of Radiation Pro- 
grams, Environmental Protection Agency 
(EPA). The principal effort in the past by the 
Office of Radiation Programs related to tritium 
releases has been the Tritium in Surface Water 
Network. This network was established in 1964, 
to measure and monitor tritium concentrations 
in major river systems in the United States and 
to provide surveillance at surface water sta- 
tions downstream from selected nuclear facili- 
ties. The network consisted of selected stations 
from existing water pollution sampling stations 
operated by the Office of Water Programs of 
EPA. The final data from this network for the 
period January-June 1970, have been published 
previously (1). 

Another effort of the Office of Radiation Pro- 
grams was a tritium in precipitation program. 
This project was established in 1967 at selected 
Radiation Alert Network (RAN) stations cov- 
ering the United States, including Alaska and 
Hawaii. The RAN is operated by the Office of 
Air Programs of EPA. The data from this proj- 
ect for the period July-December 1969, have 
been published previously (2). Due to the in- 
creased interest in tritium releases from nuclear 
facilities and the potential long-term accumula- 
tion' in the environment, a national system was 
established to incorporate these projects or net- 
works into one overall system. 
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Present network 


The Tritium Surveillance System consists of 
70 drinking water samples collected quarterly 
at the RAN stations, precipitation samples col- 
lected daily and analyzed monthly from 8 of 
the RAN stations (figure 1), and samples col- 
lected quarterly at 39 surface water stations 
(figure 2). The specific locations for the sur- 
face water sampling system were determined 
by examining the water drainage areas to 
assure that a representative sample from a 
large area or region was obtained, and if 
possible, incorporating several nuclear facility 
sites. All nuclear facilities that were operating, 
being constructed, or planned through 1975 
were considered. Consideration was also given 
to the current surveillance programs of the 
States that will be involved in the collection of 
the samples. The surface water samples are 
collected quarterly either downstream from a 
nuclear facility or at a background station. 

The tap water samples are collected by the 
RAN operators on a quarterly basis. The pre- 
cipitation samples are also collected by the 
RAN operators on a daily basis. 

All samples are sent to either the Eastern 
Environmental Radiation Laboratory or the 
National Environmental Research Center— 
Las Vegas for analysis. Analytical values which 
are not. statistically significant at the 2-sigma 
confidence level have been reported as zero. 
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Figure 1. Drinking water and precipitation sampling locations for tritium surveillance system 
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Figure 2. Surface water sampling locations for tritium surveillance system 
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Results and discussion 


Table 1 presents the tritium concentrations in 
drinking water at the RAN stations for April- 
June 1972. The average tritium concentration 
was 0.4 nCi/liter. 

Previous articles on the Tritium Surveillance 
System have reported dose equivalents from 
tritium in body water based on a relationship 
derived by Moghissi and Porter (3). Their re- 
lationship assumed a quality factor of 1.7 for 
tritium beta rays based on a 1966 ICRP recom- 
mendation (4). Recently the NCRP has recom- 
mended a quality factor of 1 for tritium beta 
rays (5) and this recommendation has been 
adopted for this and subsequent reports. Fol- 
lowing the notation adopted by the ICRU 
(6) substitution of a quality factor of 1 in 
Moghissi and Porter calculations yields: 


H (mrem/year) = 0.1C (nCi/liter) 


Where H is the dose equivalent rate and C rep- 
resents the tritium concentration in body water. 

Assuming that the concentration of tritium 
in all water taken into the body is equal to that 
found in the drinking water and also that the 
specific activity of tritium in the body is essen- 
tially the same as that in the drinking water, 
then the radiation dose may be estimated. 


The highest individual concentration of tri- 
tium observed in the drinking water was 1.8 
nCi/liter during the second quarter. This cor- 
responds to a dose of 0.18 mrem/a, or less than 
0.11 percent of the Federal Radiation Council’s 
Radiation Protection Guide (170 mrem/a) for 
an average dose to a suitable sample of the ex- 
posed population. 


The tritium concentrations for the surface 
water samples are given in table 2. The highest 
tritium concentration was 5.2 nCi/liter for the 
second quarter. Assuming that the specific 
activity of tritium in the body is essentially the 
same as that in surface water, this concentra- 
tion corresponds to a dose of 0.52 mrem/a, or 
0.31 percent of the Radiation Protection Guide. 


The monthly analyses for tritium in precipi- 
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Table 1. Tritium concentration in tap water (RAN stations) 


April-June 1972 





Tritium 
Date concentra- 
collected tion* 
(1972) (nCi/liter + 
2e)> 





Montgomery 0 

: Anchorage 1 
Attu Island 
Fairbanks 
Juneau.._-_. 
Kodiak_.- 


on 


Point Barrow _ 
Phoenix 


eno Fo FOO oO 


Washington 
Jacksonville 


ii: Honolulu 
Boise 
Springfield 
Indianapolis 
Iowa Ci 


Winchester 
Lansing 
Minneapolis 
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New York City 
Gastonia - - - . 

: Bismarck__- 
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® The minimum detection limit for all samples was 0.20 nCi/liter. All 
values equal to or less than 0.20 nCi/liter before rounding have been 
reported as zero. 
The 2e error for all samples is 0.2 nCi/liter unless otherwise noted. 
NS, no sample. 


tation samples at the 8 RAN stations are shown 
in table 3. 





Table.2: Tritium concentration in-surface wate, besnestimenadie 1972 


Location 


Water source 





Pacific 
Greely _ - 

East Haddam -_-.- 
Waterford 
Crystal River 
Homestead 


Lon 
Gul 


..| Illinois 
New Orleans.________- 
Conowingo 


Charlevoix_..-__----- : 
Monroe- -__- 

South Haven 
Monticello__ 


Poughkeepsie 
Charlotte 
Westport 
Allendale 


Clinch 


Newport News 
Northport 





Victory - _ -- 


Pe dcdnncantiatetdientodneks 


| 


zero. 


Tennessee River 
Arkansas River 
Humboldt Bay 


Biscayne a 
Snake River - - -- 
er River 
Mississippi River 
Susquehanna River 
Chesapeake Bay 
Deerfield River 
Lake Michigan _- 


Lake Michigan 
...-----| Mississippi 
Rulo atic Missouri River canine 


Lake Robinson 
Rio Grande 


Columbia River 
Columbia River - 
Ohio River. __- 
Lake Michigan 
Mississippi River 





Concentration® 
(nCi/liter 


; Collection 
Facility 





Ocean 


iver 


iver 


River 





® The minimum detection limit for all samples was 0.20 nCi/liter. All values equal to or less than 0.20 nCi/liter before rounding have been 


> The 2c error for all samples is 0.2 nCi/liter unless otherwise noted. 


¢ Sample collected early. 
NS, no sample. 


Table 3. Tritium concentration in precipitation 
from RAN stations, April-June 1972 


Location 


Tritium concentration* 
(nCi/liter +2c) 





April 





Montgomery 
: Anchorage 





*The minimum detection limit for these 
values equal to or less than 0.20 nCi/liter 
ported as zero. The 2¢ error for all samples 
noted. 

NS, no sample. 








samples was 0.20 nCi/liter. All 
before rounding have been re- 
is 0.2 nCi/liter unless otherwise 


Other coverage in Radiation Data and Reports: 


Period 


April-June 1971 
July-September 1971 
October-December 1971 
January-March 1972 


Issue 


November 1971 
April 1972 
May 1972 
August 1972 


Browns Ferry 

Arkansas Nuclear 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveil- 
lance has been confined chiefly to gross beta 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of programs 
are published monthly and summarized peri- 


Network 


Fallout in the United States and 
other areas, HASL 

Surface Air Sampling Program 
80th Meridian Network, HASL 


January 1973 


January-December 1970 


January-December 1969 


odically to show current and long-range trends 
of atmospheric radioactivity in the Western 
Hemisphere. These include data from activities 
of the Environmental Protection Agency, the 
Canadian Department of National Health and 
Welfare, the Mexican National Institute of 
Nuclear Energy, and the Pan American Health 
Organization. 

In addition to those programs presented in 
this issue, the following programs were previ- 
ously covered in Radiation Data and Reports. 


Period Issue 
December 1971 


February 1972 





1. Radiation Alert Network 
September 1972 


Division of Atmospheric Surveillance 
Environmental Protection Agency 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 69 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also per- 


form field estimates on dried precipitation sam- 
ples and report all results to appropriate En- 
vironmental Protection Agency officials by mail 
or telephone depending on levels found. A com- 
pilation of the daily field estimates is available 
upon request from the Air Quality Information 
Systems Branch, Division of Atmospheric Sur- 
veillance, EPA, Research Triangle Park, N.C. 
27711. A detailed description of the sampling 
and analytical procedures was presented in the 
March 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during September 
1972. 

All field estimates reported were within nor- 
mal limits for the reporting station. 
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Figure 1. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, September 1972 





Gross beta radioactivity | Precipitation 
(5-hour field estimate) 


(pCi/m?) Field estimation of deposition 





Station location 








| Number Depth Total 


Minimum | Average* of (mm) deposition 
samples (nCi/m?*) 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> This station is part of the tritium surveillance system. No gross beta measurements are done. 
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2. Canadian Air and Precipitation Monitoring 
Program,' September 1972 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 


Surface air and precipitation data for Sep- 
tember 1972 are presented in table 2. 


Fable 2. - Canadian gross beta radioactivity in 
surface air and precipitation, September 1972 


Air surveillance gross 
beta radioactivity 


Precipitation 
measurements 


(pCi/m?) 





Canadian Department of National Health and Station 

Welfare monitors surface air and precipitation Mini- ane 
in connection with its Radioactive Fallout aa 8 “pei? 
Study Program. Twenty-four collection stations ba nscld 
are located at airports (figure 2), where the 

sampling equipment is operated by personnel 
from the Meteorological Services Branch of 
the Department of Transport. Detailed discus- 
sions of the sampling procedures, methods of 
analysis, and interpretation of results of the 
radioactive fallout program are contained in 
reports of the Department of National Health 
and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and 
Reports. 
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* Prepared from information and data obtained from 
the Canadian Department of National Health and Wel- 
fare, Ottawa, Canada. = 
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Figure 2. Canadian air and precipitation monitoring program 
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3. Pan American Air Sampling Program 
September 1972 


Pan American Health Organization and 
U.S. Environmental Protection Agency 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the Environmental Protection Agency 
(EPA) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 3. Analytical techniques were de- 
scribed in the March 1968 issue of Radiological 
Health Data and Reports. The September 1972 
air monitoring results from the participating 
countries are given in table 3. 


Table 3. Summary of gross beta radioactivity in 
Pan American surface air, September 1972 





Gross beta radioactivity 
, (pCi/m*) 
Station location 








mtina: 


Guyana: 

Jamaica: 

Peru: 

Venezuela: Caracas 
West Indies: Trinidad 





Pan American summary . é 0.02 

















* The monthly average is calculated by weighting the individual sam- 
ples with length of sampling period. Values less than 0.005 pCi/m? are 
reported and used in averaging as 0.00 pCi/m‘*. 
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Figure 3. Pan American Air Sampling Program stations 
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4. California Air Sampling Program 
September 1972 


Bureau of Radiological Health 
California State Department of Public Health 


The Bureau of Radiological Health of the 
California State Department of Public Health 
with the assistance of several cooperating 
agencies and organizations operates a surveil- 
lance system for determining radioactivity in 
airborne particulates. The air sampling loca- 
tions are shown in figure 4. 

All air samples are sent to the Sanitation and 
Radiation Laboratory of the State Department 
of Public Health where they are analyzed for 
their radioactive content. 

Airborne particles are collected by a contin- 
uous sampling of air filtered through a 47 


39 
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Figure 4. California air sampling program stations 


millimeter membrane filter, 0.8 micron pore Table 4. Gross beta radioactivity in California air 
; , . : September 1972 

size, using a Gast air pump of about 2 cubic ae _ . 

feet per minute capacity, or 81.5 cubic meters 
per day. Air volumes are measured with a direct 
reading gas meter. Filters are replaced every 
24 hours except on holidays and weekends. The 
filters are analyzed for gross alpha and beta 
radioactivity, 72 hours after the end of the 
collection period. The daily samples are then 
composited into a monthly sample for gamma 
spectroscopy and an analysis for strontium-89 
and strontium-90. Table 4 presents the monthly _—_San Bernardino_- 
gross beta radioactivity in air for September Sante Reva 


1972. The monthly sample results are presented summary 
quarterly, 





Gross beta radioactivity 
(pCi/m!*) 
Station location 





Maximum Minimum Average 
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5. Mexican Air Moritoring Program 
May-August 1972 


Instituto Nacional de Energia Nuclear 
México, D.F. 


Until December 1971, the Radiation Surveil- 
lance Network of Mexico was operated by 
the Comision Nacional de Energia Nuclear 
(CNEN). 

In December 1971, the CNEN became 
the Instituto Nacional de Energia Nuclear 
(INEN), as a result of a new law passed by 
Congress. 

In the Instituto Nacional de Energia Nuclear, 
the Comite de Seguridad Radiologica (Radio- 
logical Security Committee) (CSR) is responsi- 
ble for radiological protection. The Environ- 
mental Radioactivity Section (Seccién de 
Radioactividad Ambiental) of the CSR is in 
charge of monitoring and measuring environ- 
mental radioactive contamination in general, 


Table 5. Mexican gross beta radioactivity of airborne 
particulates, May-August 1972 


Gross beta radioactivity 


(pCi/m!) 
Station 





June July 





Chihuahua: 
Maximum 


Average* 


Ensenada: 


Average 


Mérida: 
Maximum 
Minimum 
Average 


México, D.F: 
Maximum 
Minimum 
Average 





Torreén: 


Average 


Veracruz: 
Maximum ° 2 
Minimum ‘ 2 
Average | 2 














® Average not calculated for less than five samples. 
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Figure 5, Mexican air sampling locations 
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Environmental Levels of Radioactivity at Atomic Energy 
Commission Installations 


The U.S. Atomic Energy Commission 
(AEC) receives from its contractors semi- 
annual reports on the environmental levels of 
radioactivity in the vicinity of major Commis- 
sion installations. The reports include data 
from routine monitoring programs where op- 
erations are of such a nature that plant environ- 
mental surveys are required. 


Releases of radioactive materials from AEC 
installations are governed by radiation stand- 


1. Knolls Atomic Power Laboratory’ 
January-December 1970 


General Electric Company 
Schenectady, N.Y. 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission (AEC), is to support the 
Naval Reactors Program of the AEC in the 
development of atomic power reactors for naval 
propulsion. This includes design, construction, 
and prototype operation of nuclear power reac- 
tors. The Knolls Atomic Power Laboratory con- 
sists of two sites, the Knolls site and the Kessel- 
ring site, located as shown in figure 1. 


Knolls site 


The Knolls site is located 5 miles east of 
Schenectady, N.Y., on the south bank of the 
Mohawk River. It consists of approximately 170 
acres on which are located administrative build- 
ings; chemistry, physics, metallurgical, engi- 
neering, and radioactive materials laboratories; 
critical assembly buildings; machine shops, de- 
contamination facilities; radioactive waste 
storage and processing facilities; and nuclear 
fuel storage and assembly buildings. 

The Knolls site releases small amounts of 


*Summarized from “Knolls Atomic Power Labora- 
tory, Knolls Site and Kesselring Site, Annual Environ- 
mental Monitoring Report, January-December 1970.” 
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ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” ! 


Summaries of the environmental radioactiv- 
ity data follow for Knolls Atomic Power Lab- 
oratory and Mound Laboratory. 


‘Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 
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Figure 1. Environmental monitoring locations, KAPL 


radioactive materials both to the atmosphere 
and to the Mohawk River. Prior to the release, 
exhaust air and liquid waste are treated and 
carefully monitored. In addition to the in-plant 
control monitoring, an environmental monitor- 
ing program is conducted both on- and offsite at 
the Knolls site for the following purposes: 1) to 
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audit the operational control of radioactive 
waste released to the environment, and 2) to 


ascertain compliance with the radioactivity 
standards established by the AEC. 


Air monitoring 


Potentially radioactive exhaust air from 
Knolls Site operations is filtered and monitored 
prior to discharge to the environment. Con- 
tinuous samples of the effluent are collected and 
these samples are analyzed on a weekly basis 
for gross alpha and beta-gamma activity and 
for selected radionuclides. Monitoring results 
for 1970 indicate a total discharge of 2.185 
mCi consisting of 0.236 mCi of alpha particu- 
late activity, 0.62 mCi of beta-gamma particu- 
late activity and 1.329 mCi of iodine-131. Dur- 
ing 1970, the radioactivity concentration in the 
effluent from each stack averaged less than 5 
percent of the appropriate environmental con- 
centration guide for air as given in AEC 
Manual Chapter 0524. 


Liquid waste monitoring 


All sources of liquid radioactive waste at the 
Knolls site are connected by control drains to 
collection tanks in the radioactive waste proces- 
sing building. The collected waste water is 
processed and sampled and the samples ana- 
lyzed to verify that the radioactivity concentra- 
tion and the total activity content of the 
processed waste are within established dis- 
charge limits. Subsequently, the processed 
waste water is discharged to the Mohawk 
River at a controlled rate. During discharge, 
samples are again collected and composite 
samples are analyzed. 

A continuous proportional sample of the 
Knolls site combined sewer effluent is collected 
at the point of release to the Mohawk River. 
The radioactivity concentration in the effluent 
is continuously monitored and recorded by 
passing a portion of the sample through an 
in-line, lead shielded gamma scintillation de- 
tection system. An aliquot of the collected sam- 
ple is analyzed whenever an increase in the 
gamma count rate above the normal range of 
background fluctuations is observed on the 
recorder. 
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A total of 28 millicuries of beta-gamma and 
0.69 millicuries of alpha activity was dis- 
charged to the Mohawk River during 1970. The 
annual average concentration of beta-gamma 
activity in the liquid waste was 59 pCi/liter or 
6.6 percent of its effective environmental con- 
centration guide for water. The annual average 
concentration for the uranium isotopes, which 
comprised 94.6 percent of the total alpha activ- 
ity, was 1.4 pCi/liter, which is less than 0.01 


percent of their effective environmental concen- 
tration guide. 


Water monitoring 


Mohawk River water is sampled continuously 
at the General Electric Company powerhouse, 8 
miles upstream from the Knolls site, and at the 
Vischer Ferry powerhouse, 1.7 miles down- 
stream. The weekly water samples are com- 
posited and analyzed for radioactivity on a 
monthly basis. 

The average beta-gamma concentrations in 
Mohawk River water samples for each month 
of 1970 are shown in table 1. These concentra- 
tions were all significantly less than the most 
restrictive environmental concentration guide 
for strontium-90 given in AEC Manual Chap- 
ter 0524. 


Sediment Monitoring 

The Mohawk River sediment monitoring 
program at the Knolls site consists of the col- 
lection and analyses of Mohawk River sediment 
in each of three calendar quarters; ice coverage 


Table 1. Radioactivity in Mohawk River water 


near the Knolls site, 1970 * 


Beta and gamma radioactivity® 
Month | 


| G.E. Powerhouse 


Vischer Ferry 
(upstream) 


(downstream) 
| 


NS 


AA 





A 
ee OT OT OT OTe ae 
0 G0 30 GO + C0 wm Hm CGO GO 


AAAA 


* A t-test of these results indicates that, at the 95-percent confidence 
level, there is no statististical difference between the upriver and down- 
river concentrations for 1970. 

> Cesium-137-equivalent. 

NS, no sample. 





prevents collection during the first calendar 
quarter. Samples are collected at 15 specific 
locations and all are analyzed for gamma, gross 
beta and alpha radioactivity. In addition, se- 
lected samples are analyzed for strontium-90. 
The average radioactivity concentrations in 
the quarterly samples of Mohawk River sedi- 
ment for 1970 are given in table 2. A com- 
parison of these monitoring results with data 
for previous years indicates that the small 
quantity of radioactivity discharged in liquid 
waste during 1970 did not result in an increase 
in the average radioactivity concentration in 
river sediment. The variations in quarterly 
sediment concentrations are within the nor- 
mally observed ranges for previous years and 
are attributable to the effects of radioactivity in 
the sediment from discharges prior to 1964. 
General concentrations rapidly diminished with 
increased distances from the sewer outfall. 


Liquid effluent monitoring 


The principal Knolls Site outfall to the Mo- 
hawk River is the one via which processed 
sanitary and radioactive liquid wastes are dis- 
charged. In addition to this outfall, there are 
eight smaller outfalls via which river water 
used for cooling, natural stream water and river 
water pump house drain lines discharge. Al- 
though these outfalls are not connected to po- 
tential sources of radioactivity, commencing 
with the third quarter of 1970, they are sam- 
pled and the samples analyzed on a quarterly 
basis. All analytical results for the third and 
fourth quarters of 1970, were less than the 
minimum detectable concentrations for gross 


alpha and beta-gamma activities, strontium-90, 
and cesium-137. 


Perimeter surveys 


Surveys are made routinely of the radiation 
levels at the perimeter of Knolls Site facilities. 
The surveys for 1970 showed normal back- 
ground radiation levels for the geographic loca- 
tion. The results of the surveys extrapolated to 
an annual exposure indicate average radiation 
levels of less than 0.1 rem per year. 


Kesselring site 


The Kesselring site, located on approximately 
4,000 acres near West Milton, N.Y., is a part 
of the Knolls Atomic Power Laboratory. Its 
principal facilities; include the S8G and D1G 
prototype reactors, equipment service building, 
fuel service building, and waste treatment facil- 
ities. Regular environmental monitoring activ- 
ities are conducted to assure that laboratory 
releases of radioactivity to the environment are 
in compliance with AEC standards. 

Air monitoring 

Air released from power plant buildings 
(S3G Hull and D1G Sphere) and the Fuel Serv- 
ice Facility are continuously monitored for air 
particulate activity. In-stack radioactivity con- 
centrations averaged less than the appropriate 
concentration guide given in the AEC Manual, 
Chapter 0524 for the entire 1970 calendar year. 
The total airborne particulate radioactivity dis- 
charged to the environment during the calendar 
year 1970 was less than 2.65 mCi. 

In addition to the environmental airborne 
radioactivity monitoring, surveys are made 
semiannually of the radiation levels at the 


Table 2. Radioactivity concentrations in Mohawk River sediment, KAPL, 1970 * 


Total radioactivity 
(pCi/g wet weight) 


Strontium-90 Cesium-137 





Number 
of samples 


(pCi/g wet 


(pCi/g wet 
weight) 


weight) 
Beta 





January-March. ----- 

April-June_ 0 
July-September ---------- 
October-December - -- - - _-----_--- 


<0.07-0.52 
-1i- .4@ 
-1ll— .80 








0.22 

-26 
} -24 
| 


* Minimum detectable concentration for a 600 g sample of 90-percent confidence level: 





Average Range Average Range Average Range 





0.37-0.43 
<.21- .52 
<.21- .71 








alpha—0.07 pCi/g; beta-gamma—2.9 pCi/g; strontium-90—0.21 pCi/g; cesium-137—0.40 pCi/g; Concentration for 600 g sample detectable at 
90-percent confidence level with +30 percent precision: alpha—0.38 pCi/g; beta-gamma—11 pCi/g; strontium-90—0.77 pCi/g; cesium-137— 
1.4 pCi/g. The variation in the detectable levels is the result of differences in the size of sediment aliquots analyzed; i.e., alpha analysis, 10 g; 
beta analysis, 1 g; strontium-90, 10 g; cesium-137, total sample. Each sediment sample represents a surface area of 230 cm? to a depth of 1 inch. 


> Samples not collected due to ice on the Mohawk River. 
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Kesselring site perimeter. Perimeter surveys 
performed during the year showed normal 
background radiation levels for the geographic 
location. The result of the perimeter survey 
extrapolated to an annual exposure indicates 
average perimeter radiation levels of <0.1 R/a. 


Radioactive liquid waste disposal 


The liquid waste from the Kesselring site is 
collected, processed, and sampled prior to re- 
lease to the Glowegee Creek. The radioactive 
waste discharged to the Glowegee Creek in terms 
of total radioactivity in liquid wastes was 3.16 
millicuries for 1970. Radiochemical analyses of 
these wastes indicated that strontium-89 and 
strontium-90 concentrations were less than 1 
percent of the respective AEC standards for 
this reporting period. The average result for 
unidentified radionuclides in the D1G and S3G 
effluents (8.3 and 79 pCi/liter) represent less 
than 1 percent and less than 3 percent, respec- 
tively of the applicable AEC standard (3 
nCi/liter). 


Water monitoring 


Samples of the Glowegee Creek water are 
analyzed for radioactivity once each quarter 
year at two locations, one is about 150 feet 
above the point where the S3G effluent enters 
the creek and the other is about 1,500 feet below 


the D1G effluent discharge point. All Glowegee 
Creek water analysis results for beta and 
gamma radioactivity were below 50 pCi/liter, 
which is the measured concentration that may 
be considered valid at the 90 percent confidence 
level with a maximum error of 30 percent. 
These results indicate that the Kesselring Site 
effluent did not significantly influence the levels 
of radioactivity detected in the Glowegee Creek. 


Sediment monitoring 


Glowegee Creek sediment radioactivity meas- 
urements are analyzed on a monthly basis. 
Sample locations are the same as those listed 
for Glowegee Creek water sampling. The sedi- 
ment analysis results are shown in table 3. 


General conclusions 


As a result of the environmental monitoring 
program conducted by the Knolls Atomic Power 
Laboratory, it is concluded that the operation 
of the Knolls and Kesselring installations did 
not adversely affect the radioactivity levels of 


the local environment. The results of the en- 
vironmental surveys indicate that the levels of 
radioactivity detected at all times were within 
the standards established by the U.S. Atomic 
Energy Commission in the AEC Manual Chap- 
ter 0524, “Radiation Protection Standards.” 


Recent coverage in Radiation Data and Reports: 
Period Issue 


January-December 1969 October 1972 


Table 3. Radioactivity in Glowegee Creek sediment, Kesselring Site, KAPL 


Location 


Number 


samples 


January-December 1970 


Gross gamma radioactivity* 
(pCi/g dry weight) Cobalt-60« 
of (pCi/g dry 
weight) 
Average 





Average 





January-March 
April-June 
July-September Upstream 
Downstream 
Upstream 
Downstream 


October-December 











N 


wCowwwwnn 











* The minimum detectable activity (MDA) for cobalt-60 is 0.66 pCi/g of sediment while the MDA for the gross 


gamma radioactivity analysis is 0.18 pCi/g of sediment. These MD 


A’s are based on average height and density 


values of sediment samples obtained using a 90-percent confidence level for the error. 


NS, no sample, creek bottom frozen. 
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2. Mound Laboratory* 
January-June 1970 


Monsanto Research Corporation 
Miamisburg, Ohio 


Mound Laboratory is situated on 180 acres 
of land in Miamisburg, Ohio. This location is 
12 miles southwest of Dayton. The laboratory 
began operation in 1949. Its mission currently 
includes research, development, engineering, 
and production of components for the AEC 
weapons program; separation, purification, and 
sale of stable isotopes of the noble gases; and 
development, design, and fabrication of radio- 
isotopic heat sources for medical application 
and space exploration. 

The environmental monitoring program for 
Mound Laboratory is planned and coordinated 
with all of the projects conducted at the labora- 
tory. Air and water monitoring in the uncon- 
trolled environs surrounding the laboratory is 
specified for the radionuclides which could be 
released to the environment. Only polonium- 
210, plutonium-238, and hydrogen-3 (tritium) 
are potential environmental contaminants. 


Air monitoring 


Mobile air monitoring equipment, mounted 
on a 1-ton panel truck, for measurement of 
tritium and collection of particulate alpha- 
particle emitters was used in the routine moni- 
toring of environmental air within a radius of 
20 miles from the laboratory during the collec- 
tion period. Since the sampling zone is depend- 
ent on the wind direction it is possible that air 
samples from all zones will not be collected dur- 
ing the reporting period. 

Airborne polonium and plutonium particu- 
lates are collected on Whatman No. 41 filter 
paper with a high volume air sampler. A 5-cm 
diameter circle, cut from the center of each 
filter paper, is processed and analyzed for 
polonium-210. The remainder of each filter 


paper is processed and analyzed for plutonium- 
238. 


*Summarized from “Environmental Monitoring Re- 
port, January-June 1970” (MLM-1784). 
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Airborne tritium oxide is monitored by bub- 
bling air through 100-ml of a liquid scintillation 
counting solution with. p-dioxane as the organic 


Table 4. Atmospheric monitoring of polonium-210 
Mound mneenemnidh environs, censnnntedliniana 1970 


Range Number 
(miles) of 
samples 


Average 
concentration* 
(fCi/m!) 


Average as _ 
cent of A 
wk Loy 





0-3 (upwind) 

0-3 (downwind) 

3-5 (downwind) 

5-10 (downwind) - - -- 
10-15 (downwind) - 
15-20 (downwind) __ - | 











® Lowest detectable level (LDL) for polonium-210 in air is 8 f{Ci/m* for 
samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind. The LDL is 5 fCi/m? for samples 
collected 0-3 miles downwind and 15-20 miles downwind. Two LDL’s 
are expressed above for the ranges in which polonium-210 samples are 
collected. Air is sampled at three locations within the 0-3 and 15-20 mile 
downwind —. and the filter papers are combined to form one com- 
posite sample for each range. Air samples in other ranges are comprised 
of samples collected at the location within each range. Since the volume 
of air analyzed in the 0-3 and 15-20 mile downwind ranges is 33 percent 
greater than in the other ranges, the sensitivity expressed as PDL is 
proportionately lower. 
> The applicable AEC radiation protection standard for polonium-210 
in air is 20 pCi/m?. 


Table 5. Atmospheric monitoring of plutonium-238, 
Mound ae environs, saincmemnsidinianas 1970 


Range 


Average 
(miles) 


| Average 8 per 
concentration® 


cent of A 
(fCi/m3) standards» 





0-3 (upwind) 
0-3 (downwind) | 
3-5 (downwind) 

5-10 (downwind) - - - - 

10-15 (downwind) - - - 

15-20 (downwind) - - ae | 


® Lowest detectable level (LDL) for seeenbinns 238 in air is 1.3 fCi/m* 
for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind. The LDL is 0.9 fCi /m? for samples 
collected 0-3 miles downwind and 15-20 miles downwind. Two LDL’s are 
expressed above for the ranges in which plutonium-238 samples are col- 
lected. Air is sampled at three locations within the 0-3 and 15-20 mile 
downwind ranges, and the filter papers are combined to form one composite 
sample for cneh range. Air samples in other ranges are comprised of samples 
collected at the location within each range. Since the volume of air analyzed 
in the 0-3 and 15-20 mile downwind ranges is 33 percent greater than in 
the other ranges, the sensitivity expressed as LDL is proportionately 
lower. 

> The applicable AEC radiation protection standard for plutonium-238 
in air is 1 pCi/m‘. 


Table 6. Atmospheric monitoring of tritium, 
Mound Laboratory environs, seantamndieneann 1970 





Range 


Average 
(miles) 


Average as per 
concentration*® cent of AEC 
(pCi/m?) standards> 


Number 
of 





0-3 (upwind) 

0-3 (downwind) 

3-5 (downwind) 

5-10 (downwind) ---- 
10-15 (downwind) - -- 
15-20 (downwind) - - - 

















® Lowest detectable limit for tritium in air is 200 pCi/m‘. 
> The applicable AEC radiation protection standard for tritium in air 
is 200 nCi/m*. 
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Table 7. Offsite water monitoring for radioactivity, Mound Laboratory environs, January-June 1970 





Polonium-210> 
(pCi/liter) 


Plutonium-238> 
(pCi/liter) 


Tritium> (hydrogen-3) 
(nCi/liter) 





Sampling location* 


Average* 


concentration 


Percent of 














able level for tritium in water is 6 nCi/liter. 








© The applicable AEC radiation — standards for uncontrolled areas are as follows: 


Polonium-210 in water: 7! 
Plutonium-238 in water: 5 nCi/liter 
Tritium in water: 3 wCi/liter 
ND, less than the lowest detectable limit. 


pCi/liter 


solvent. A 20-ml aliquot of the resulting solu- 
tion is counted directly in a liquid spectrometer 
for 10 minutes. The analysis is directed to 
tritium oxide rather than the gas because the 
AEC standard for the oxide is 200 times more 
restrictive than for the gas. 


The results of the airborne monitoring pro- 
gram are presented in tables 4, 5, and 6. The 
average concentrations of polonium-210, plu- 
tonium-238 and tritium in the environment are 
below the AEC radiation protection standards. 


Water monitoring 


Liquid radioactive waste materials from 
polonium and plutonium operations at the lab- 
oratory are processed separately to reduce the 
concentrations of these radionuclides to a level 
at which they may be discharged to the environ- 
ment. Treated polonium liquid waste is dis- 
charged to the Great Miami River via a closed 
sewer line which also carries the treated plant 
sewage. The treated plutonium waste is dis- 
charged to a drainage ditch which runs through 
the plant site and eventually reaches the river. 

Helium-3 being purified at the Mound Lab- 
oratory contains small quantities of tritium. In 
addition, tritium is recovered from various 
AEC tritium-contaminated wastes. Liquid 
waste generated by these operations is treated 
(diluted with water when necessary) and dis- 
charged to the same drainage ditch as plu- 
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Average* 


Percent of 
concentration 


Percent of 


Average® concentration 
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Water sampling locations, Mound Laboratory 
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Figure 3. Offsite air sampling zones, Mound Laboratory 


tonium waste. Some _ tritium-contaminated 
liquid wastes are discharged to the same closed 
sewer line as polonium. 


Two hundred milliliter water samples are 
collected weekly from the Great Miami River, 
the drainage ditch and two ponds northeast of 
Mound Laboratory (figure 2). All samples are 
analyzed for polonium-210, plutonium-238, and 
tritium. The average concentrations of plu- 


tonium and tritium in water discharged to the 
environment were well below the AEC radiation 
protection standards. Average concentrations 
of tritium, polonium-210, and plutonium-238 
are given in table 7 for January-June 1970. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 
July-December 1969 


Issue 
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Reported Nuclear Detonations, December 1972 


(Includes seismic signals presumably from foreign nuclear detonations) 


The U.S. Atomic Energy Commission an- 
nounced that the United States recorded two 
sets of seismic signals, presumably from Soviet 
underground nuclear explosions. The signals 
originated at approximately 11:30 p.m. EST, 
December 9, 1972, and followed one another 
closely. Both sets of signals came from the 
Semipalatinsk nuclear test area. The first set 
was equivalent to those of an underground nu- 





clear explosion in the yield range of 20-200 
kilotons, and the second set was equivalent to 
the yield range of 200 kilotons—1 megaton. 
The U.S. Atomic Energy Commission an- 
nounced only one nuclear detonation for Decem- 
ber 1972. An underground nuclear test with a 
yield range of 20 to 200 kilotons was conducted 
December 21, 1972 at the Nevada Test Site. 


Information in this section is based on data received during the month, 
and is subject to change as additional information may become available. 
Persons requiring information for purposes of compiling announced nu- 
clear detonation statistics are advised to contact the Division of Public 
Information, U.S. Atomic Energy Commission, Washington, D.C. 20545. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


TECHNOLOGY ASSESSMENT OF RISK REDUCTION EFFECTIVE- 
NESS OF WASTE TREATMENT SYSTEMS FOR LIGHT-WATER 
REACTORS. J. E. Martin, F. L. Galpin, and T. W. Fowler. Radiation 
Data and Reports, Vol. 14, January 1973, pp. 1-8. 


The Environmental Protection Agency (EPA) routinely performs tech- 
nology assessment of applications of nuclear energy that have the poten- 
tial to introduce radioactive material into the environment. The Agency 


has extensively examined the performance of waste treatment systems for 
light water power reactors as a function of cost with regard to an exam- 
ination of bases for environmental radiation standards and for EPA re- 
view of environmental impact statements for such plants. It was deter- 
mined that significant and cost effective offsite dose reductions from 
gaseous discharges could be brought about by using available technology 
to holdup the gases until essentially krypton-85 remained; further dose 
reductions by cryogenic removal of krypton-85 did not appear to be justi- 
fied in view of the costs involved. Similarly for liquid wastes, reasonable 
technology appears to stop just short of recycling waste streams to con- 
tain tritium. 


KEYWORDS: Air, cost, light-water reactors, waste treatment, water. 


ASSESSMENT OF THYROID INHALATION DOSES IN THE 
WESTERN UNITED STATES FROM THE CHINESE NUCLEAR 
TEST OF NOVEMBER 1971 R. B. Evans, R. N. Snelling, and F. N. 
Buck. Radiation Data and Reports, Vol. 14, January 1973, pp. 9-16. 


Following a nuclear detonation by the People’s Republic of China 
measurable increases of radioactivity were detected over the western 
United States by the Air Surveillance Network which is operated by the 
National Environmental Research Center-Las Vegas. The progress and 
intensity of the radioactive cloud across the United States is presented 
graphically. The highest hypothetical infant thyroid dose equivalent cal- 
culated to result from the inhalation of iodine-131 and tellurium-132 was 
0.2 mrem at Scotty’s Junction, Nev. 


KEYWORDS: Airborne radioactivity, China, doses, iodine-131, nuclear 
detonation, tellurium-132, thyroid, western United States. 
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